TITLE OF THE INVENTION 

Anode Can for Battery and Manufacturing Method Thereof 
BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to an anode can of a battery and a 

manufacturing method thereof, and more particularly to an anode can 
having a sufficient strength at a junction between the anode can and a 
cathode cover and a manufacturing method thereof. 
Description of the Background Art 
10 Conventionally, a battery in which a battery cell is accommodated 

in an anode can and one opening of the anode can is sealed with a cathode 
cover has been known (see Japanese Patent Laying-Open No. 2000-315495, 
for example). 

The conventional anode can, however, has suffered from the 

15 following problems. In order to increase a capacity of a battery while 

maintaining its outer dimension, a sidewall of the anode can preferably has 
a thickness as small as possible. On the other hand, if the thickness of the 
sidewall is too small, a strength of a fixing portion for fixing the cathode 
cover, formed by deforming an end portion of the anode can so as to clamp 

20 an end of the cathode cover, is lowered. 
SUMMARY OF THE INVENTION 

An object of the present invention is to provide an anode can having 
a sufficient strength in a fixing portion of the anode can and a cathode 
cover of a battery as well as a manufacturing method thereof. 

25 An anode can for a battery according to the present invention is a 

cylindrical anode can for a battery having a sidewall and extending along a 
central axis. The sidewall has a large thickness portion having a 
relatively large thickness and a small thickness portion having a thickness 
relatively smaller than that of the large thickness portion. The large 

30 thickness portion is positioned at an end portion of the sidewall, and the 
small thickness portion refers to a portion other than the large thickness 
portion in the sidewall. In the sidewall, a distance between an outer 
circumferential surface of the large thickness portion and the central axis is 



equal to a distance between an outer circumferential surface of the small 
thickness portion and the central axis. On the other hand, in the sidewall, 
a distance between an inner circumferential surface of the large thickness 
portion and the central axis is smaller than a distance between an inner 
5 circumferential surface of the small thickness portion and the central axis. 

In this manner, when the anode can and the cathode cover are 
connected and fixed to each other by deforming an end portion of the 
sidewall of the anode can so as to clamp an end of the cathode cover, 
strength of a junction between the anode can and the cathode cover can 

10 sufficiently be increased, because the thickness of the end portion of the 

sidewall (the large thickness portion) of the anode can forming the junction 
is relatively made larger. 

In addition, as to the outer circumferential surface of the sidewall, 
the distance between the outer circumferential surface of the large 

15 thickness portion and the central axis is equal to the distance between the 
outer circumferential surface of the small thickness portion and the central 
axis. Therefore, projection of the junction between the anode can and the 
cathode cover (a portion formed by the large thickness portion) beyond the 
small thickness portion of the sidewall of the anode can (the portion other 

20 than the large thickness portion) can be suppressed. Accordingly, in a 
battery in conformity with the battery specifications defined in terms of 
outer size, an outer dimension of the sidewall of the anode can serving as a 
portion accommodating a battery cell (a portion where the small thickness 
portion of the sidewall is provided) can be made as large as an outer 

25 dimension of a battery determined based on the battery specifications. In 
this manner, a volume of the battery cell can be made larger, and the 
capacity of the battery can also be increased. 

In the anode can for a battery described above, in the sidewall, an 
inner circumferential surface of a boundary portion between the large 

30 thickness portion and the small thickness portion may be inclined toward 
the inner circumferential surface of the sidewall in the small thickness 
portion. 

In such a case, the inner circumferential surface of the large 
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thickness portion and the inner circumferential surface of the small 
thickness portion can be connected with a smooth surface (the inner 
circumferential surface of the boundary portion). That is, an angular 
portion with a sharp angle or the like is not formed in the boundary portion 
5 between the large thickness portion and the small thickness portion. 

Therefore, when the anode can is subjected to working in a manufacturing 
process of a battery, a possibility that a stress concentrates on such an 
angular portion to break the anode can can be reduced. 

A method of manufacturing an anode can for a battery according to 

10 the present invention includes the steps of preparing a material, forming a 
cylindrical body, modifying a thickness, and working. In the step of 
preparing a material, a material member corresponding to a shape of an 
anode can for a battery to be produced is prepared. In the step of forming 
a cylindrical body, the material member is deformed so as to obtain a 

15 cylindrical body having a sidewall and extending along the central axis. 
In the step of modifying a thickness, the sidewall is subjected to press 
working so as to form a large thickness portion located at an end portion of 
the sidewall and having a relatively large thickness and a small thickness 
portion being a portion other than the large thickness portion and having a 

20 thickness relatively smaller than that of the large thickness portion in the 
sidewall. In the step of working, the sidewall is subjected to press working 
such that a distance between an outer circumferential surface of the large 
thickness portion and the central axis is equal to a distance between an 
outer circumferential surface of the small thickness portion and the central 

25 axis, and a distance between an inner circumferential surface of the large 
thickness portion and the central axis is smaller than a distance between 
an inner circumferential surface of the small thickness portion and the 
central axis. 

In this manner, the anode can according to the present invention 
30 can readily be manufactured. 

The method of manufacturing an anode can for a battery described 
above may include the step of determining a thickness of the large 
thickness portion in the sidewall after the step of modifying a thickness 
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and before the step of working. In this case, the large thickness portion in 
the side wall can have any thickness. 

In the method of manufacturing an anode can for a battery 
described above, the small thickness portion formed in the step of 
5 modifying a thickness may have a thickness equal to that of a small 

thickness portion of a sidewall of an anode can for a battery to be produced. 

In such a case, the final thickness of the small thickness portion of 
the sidewall is determined in the step of modifying a thickness. Therefore, 
it is no longer necessary to subject the small thickness portion to press 

10 working for modifying the thickness of a portion to serve as the small 

thickness portion of the sidewall, for example, in a step subsequent to the 
step of modifying a thickness. That is, solely a portion to be the large 
thickness portion of the sidewall should be subjected to press forming. 
Therefore, a possibility that a flaw or the like is caused in the portion to 

15 serve as the small thickness portion during press working can be reduced. 
In the method of manufacturing an anode can for a battery 
described above, the step of modifying a thickness may include the step of 
reducing the thickness of the portion to serve as the small thickness portion 
by subjecting the portion to serve as the small thickness portion in the 

20 sidewall to press forming. 

In this case, if the thickness of the portion to serve as the large 
thickness portion is maintained to a thickness prior to the step of modifying 
a thickness without being subjected to press forming, the large thickness 
portion and the small thickness portion can readily be formed. 

25 In the method of manufacturing an anode can for a battery 

described above, press working may be performed in the step of modifying a 
thickness such that the distance between the outer circumferential surface 
of the large thickness portion and the central axis is larger than the 
distance between the outer circumferential surface of the small thickness 

30 portion and the central axis. In addition, the step of working may include 
the step of subjecting the large thickness portion to press working so as to 
reduce the distance between the outer circumferential surface of the large 
thickness portion of the sidewall and the central axis and the distance 
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between the inner circumferential surface of the large thickness portion 
and the central axis respectively. 

In this case, by performing press working so as to move the large 
thickness portion toward the central axis, the anode can for a battery 
5 according to the present invention can readily be obtained from a 

cylindrical body having a large thickness portion projecting outwardly. 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following 
detailed description of the present invention when taken in conjunction 
10 with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic perspective view of an anode can serving as an 
exterior can member for a battery according to the present invention. 

Fig. 2 is a schematic cross-sectional view along the line II-II in Fig. 

15 1. 

Fig. 3 is a partially enlarged, schematic cross-sectional view 
showing an area III in Fig. 2. 

Fig. 4 is a schematic perspective view of a battery manufactured 
using the anode can shown in Figs. 1 to 3. 
20 Fig. 5 is a partially enlarged, schematic cross -sectional view 

showing an area V in Fig. 4. 

Fig. 6 is a schematic cross-sectional view showing an anode can as a 
comparative example of the present invention. 

Fig. 7 is a partially enlarged, schematic cross-sectional view 
25 showing a caulked portion in a battery manufactured using the anode can 
shown in Fig. 6. 

Fig. 8 is a schematic cross-sectional view showing an anode can as a 
second comparative example of the present invention. 

Fig. 9 is a partially enlarged, schematic cross-sectional view 
30 showing a caulked portion in a battery manufactured using the anode can 
shown in Fig. 8. 

Figs. 10 to 14 are schematic cross-sectional views illustrating first 
to fifth steps in a method of manufacturing the anode can shown in Figs. 1 
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to 3. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following, embodiments of the present invention will be 
described with reference to the figures. It is noted that the same reference 
5 characters refer to the same or corresponding components in the figures, 
and description thereof will not be repeated. 

Referring to Figs. 1 to 5, an anode can according to the present 
invention and a battery using the same will be described. 

As shown in Fig. 1, an anode can 1 which is an exterior can member 
10 of a battery according to the present invention has a cylindrical shape. As 
can also be seen in Fig. 2, anode can 1 has an opening on the top, and has a 
bottom wall 4 formed in a portion facing the opening (a portion opposite to 
the opening). As can also be seen in Figs. 2 and 3, in the sidewall of anode 
can 1, a thickness Tl of an upper end portion 2 (see Fig. 3) which is an end 
15 portion closer to the opening is larger than a thickness T2 of a sidewall 
small thickness portion 3 being a portion other than upper end portion 2. 

In addition, outermost surfaces of upper end portion 2 and sidewall 
small thickness portion 3 are formed such that their cross-sections are 
located on substantially the same line, as can also be seen in Fig. 2. In 
20 other words, in upper end portion 2 serving as the large thickness portion, 
the sidewall of anode can 1 projects beyond sidewall small thickness 
portion 3 by AT (see Fig. 3) toward the inside of anode can 1. 

From a different point of view, a stepped portion 15 is formed at a 
boundary portion between upper end portion 2 and sidewall small 
25 thickness portion 3 on the inner surface of the sidewall of anode can 1. 

Here, a length L (see Fig. 3) of upper end portion 2 (i.e., the large thickness 
portion having a thickness Tl larger than thickness T2 of sidewall small 
thickness portion 3) can be set to any length. 

From a further different point of view, as shown in Fig. 2, a 
30 distance L3 between the outer circumferential surface of upper end portion 
2 of anode can 1 and central axis 17 thereof is equal to a distance L3 
between the outer circumferential surface of sidewall small thickness 
portion 3 and central axis 17. On the other hand, a distance LI between 
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the inner circumferential surface of upper end portion 2 of anode can 1 and 
central axis 17 thereof is smaller than a distance between the inner 
circumferential surface of sidewall small thickness portion 3 and central 
axis 17. Speaking in terms of an inner diameter or an outer diameter of 
5 anode can 1, upper end portion 2 and sidewall small thickness portion 3 
have an equal outer diameter D3, whereas an inner diameter Dl of upper 
end portion 2 is smaller than an inner diameter D2 of sidewall small 
thickness portion 3. 

Summarizing the structure of the anode can for a battery according 

10 to the present invention described above, anode can 1 as an anode can for a 
battery is a cylindrical anode can for a battery having a sidewall and 
extending along central axis 17 (see Fig. 2). The sidewall has upper end 
portion 2 serving as the large thickness portion having a relatively large 
thickness and sidewall small thickness portion 3 serving as the small 

15 thickness portion having a thickness relatively smaller than that of upper 
end portion 2. Upper end portion 2 is located at the end portion of the 
sidewall, and sidewall small thickness portion 3 refers to a portion other 
than upper end portion 2 in the sidewall. In the sidewall, the distance 
between the outer circumferential surface of upper end portion 2 and 

20 central axis 17 (half of diameter D3) is equal to the distance between the 
outer circumferential surface of sidewall small thickness portion 3 and 
central axis 17 (half of diameter D3). On the other hand, in the sidewall, 
distance LI between the inner circumferential surface of upper end portion 
2 and central axis 17 is smaller than a distance L2 between the inner 

25 circumferential surface of sidewall small thickness portion 3 and central 
axis 17. 

In this manner, the strength of a caulked portion 7 (see Fig. 5) in 
the battery can be improved as described later. 

In addition, in anode can 1 described above, in the sidewall, an 
30 inner surface 18 of the boundary portion (stepped portion 15) between 
upper end portion 2 serving as the large thickness portion and sidewall 
small thickness portion 3 is inclined toward the inner circumferential 
surface of the sidewall in sidewall small thickness portion 3. That is, the 
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boundary portion between upper end portion 2 and sidewall small 
thickness portion 3 has a smooth surface (an angular portion with a sharp 
angle or the like is not formed). Therefore, when anode can 1 is subjected 
to working during a manufacturing process of the battery, a possibility that 
5 a stress concentrates on the angular portion to break anode can 1 can be 
reduced. 

Referring now to Figs. 4 and 5, a structure of a battery adopting the 
anode can shown in Fig. 1 will be described. As shown in Fig. 4, a battery 
5 adopting anode can 1 according to the present invention is obtained in the 

10 following manner. A battery cell 10 (see Fig. 5) is placed inside anode can 
1. Thereafter, a cathode cover 6 is placed in the opening on the top of 
anode can 1. Cathode cover 6 and anode can 1 are joined to each other in 
a sealed manner with a use of caulked portion 7, which is formed by 
caulking with a gasket 12 interposed (see Fig. 5). The structure of caulked 

15 portion 7 will be described in detail in connection with Fig. 5. 

As shown in Fig. 5, battery cell 10 is placed in anode can 1 in 
battery 5 (see Fig. 4). In the upper end portion of anode can 1, a concave 
portion 11 is formed by denting a portion located above the upper surface of 
battery cell 10 toward the inside of anode can 1. Here, concave portion 11 

20 is formed on the entire circumference of anode can 1. 

In the opening of anode can 1, a safety valve 9 is placed in an area 
above the upper surface of battery cell 10 so as to cover the opening of 
anode can 1. On safety valve 9, a PTC 8 (Positive Temperature 
Coefficient) is placed. Further, cathode cover 6 made of a conductor is 

25 placed on PTC 8. Cathode cover 6 is electrically connected to a cathode 

terminal (not shown) of battery cell 10. Cathode cover 6, PTC 8 and safety 
valve 9 are fixed, grasped by gasket 12 made of an insulator such as a resin. 
Gasket 12 is grasped and fixed by the upper end portion of anode can 1 by 
bending an end of upper end portion 2 (see Fig. 2) of anode can 1 toward 

30 the inside of anode can 1, as shown in Fig. 5. Moreover, by bending the 
upper end portion of anode can 1 in caulked portion 7, a position of gasket 
12 is fixed, and cathode cover 6, PTC 8 and safety valve 9 are grasped by 
gasket 12. It is noted that anode can 1 according to the present invention 
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can be adapted to any battery such as a lithium ion battery, a manganese 
dioxide battery, a nicad (Ni-Cd) battery, a nickel metal hydride battery, or 
the like. 

As shown in Fig. 3, thickness Tl of upper end portion 2 is larger 
5 than thickness T2 of sidewall small thickness portion 3. Therefore, even 
after upper end portion 2 is bent toward the inside of anode can 1 in order 
to form caulked portion 7 as shown in Fig. 5, thickness T3 of upper end 
portion 2 is larger than thickness T2 of sidewall small thickness portion 3 
of anode can 1. 

10 In this manner, thickness T3 of upper end portion 2 in the sidewall 

of anode can 1 forming caulked portion 7 is larger than thickness T2 of 
sidewall small thickness portion 3, which is a portion other than upper end 
portion 2. Therefore, even after upper end portion 2 is bent in caulked 
portion 7, the strength of caulked portion 7 can be maintained sufficiently 

15 high. 

In addition, as shown in Fig. 2, the outermost surfaces of upper end 
portion 2 and sidewall small thickness portion 3 in the sidewall of anode 
can 1 are located on the same surface extending along a direction in which 
central axis 17 extends. Accordingly, as shown in Figs. 4 and 5, even after 

20 caulked portion 7 is formed in order to implement battery 5, an anode can 
surface 14 serving as an outermost surface of upper end portion 2 forming 
caulked portion 7 and an anode can surface 13 serving as an outermost 
surface of sidewall small thickness portion 3 are located on the same 
surface extending along the central axis. In other words, as shown in Fig. 

25 5, in the cross-sectional shape of battery 5 (see Fig. 4), anode can surface 14 
of upper end portion 2 and anode can surface 13 of sidewall small thickness 
portion 3 coincide with one segment 16. 

In this manner, when caulked portion 7 is formed, it is possible to 
avoid that the distance from anode can surface 14 of upper end portion 2 in 

30 the sidewall of anode can 1 forming caulked portion 7 to central axis 17 (see 
Fig. 2) is larger than the distance from anode can surface 13 serving as the 
outermost surface of sidewall small thickness portion 3 forming a wall for a 
portion accommodating battery cell 10 to central axis 17 (see Fig. 2) 



(namely, the outer diameter of caulked portion 7 larger than that of the 
portion accommodating battery cell 10 can be avoided). Accordingly, it is 
not necessary to make the maximum outer diameter of sidewall small 
thickness portion 3 of anode can 1 accommodating battery cell 10 smaller 
5 than the maximum outer diameter in accordance with the battery 

specifications, in order to set a largest outer diameter in caulked portion 7 
(largest outer diameter portion) to be within the maximum outer diameter 
in accordance with the battery specifications. As such, the outer diameter 
of sidewall small thickness portion 3 can be made as large as the maximum 

10 outer diameter in accordance with the specifications, and accordingly, the 
volume of the portion accommodating battery cell 10 can be made as large 
as a volume defined in the specifications. Therefore, the capacity of 
battery 5 (see Fig. 4) can be increased. 

An effect of the anode can according to the present invention 

15 described above will be discussed more specifically, in comparison with a 

battery using an anode can in a comparative example shown in Figs. 6 and 
7. Here, Fig. 6 corresponds to Fig. 2, and Fig. 7 corresponds to Fig. 5. 

As shown in Figs. 6 and 7, if an anode can 20 with a sidewall 21 
having substantially the same thickness in its entirety is employed as an 

20 anode can, a thickness T4 of the sidewall forming caulked portion 7 is 

substantially equal to the thickness of sidewall 21 of anode can 20 (see Fig. 
6) accommodating battery cell 10, as shown in Fig. 7. Here, the thickness 
of sidewall 21 of anode can 20 is desirably made as small as possible, in 
order to maximize the capacity of battery cell 10 within a range of the 

25 battery specifications. Therefore, the thickness of sidewall 21 is set as 
small as possible, while maintaining a strength sufficient to hold battery 
cell 10. 

In caulked portion 7, however, a sufficient strength is required in a 
portion of sidewall 21 of anode can 20 (see Fig. 6) forming caulked portion 7, 
30 in order to hold gasket 12 as well as cathode cover 6, PTC 8 and safety 
valve 9 with gasket 12 interposed. On the other hand, the thickness of 
sidewall 21 is set as small as possible as described above. Accordingly, if 
anode can 20 shown in Figs. 6 and 7 is employed, it is difficult for caulked 
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portion 7 to have a sufficiently high strength. Meanwhile, in caulked 
portion 7 in the battery employing the anode can according to the present 
invention shown in Fig. 5, thickness T3 in upper end portion 2 is larger 
than thickness T2 of sidewall small thickness portion 3. Therefore, 
5 caulked portion 7 can attain a strength sufficiently higher than in the 
example shown in Fig. 7. 

In addition, the anode can according to the present invention shown 
in Figs. 1 to 5 has an effect to increase the capacity of the battery as 
described already, as compared with an anode can 25 in a second 
10 comparative example shown in Figs. 8 and 9. The effect will be described 
in the following. Here, Fig. 8 corresponds to Fig. 2, and Fig. 9 corresponds 
to Fig. 5. 

As can also be seen in Fig. 8, in anode can 25 in the second 
comparative example, the sidewall is formed by an upper end portion 26 

15 having a relatively large thickness and sidewall small thickness portion 3 
having a relatively small thickness. On the other hand, in anode can 25 
shown in Fig. 8, the outer circumferential surface of upper end portion 26 
projects toward the outer circumferential side of anode can 25 beyond the 
outer circumferential surface of sidewall small thickness portion 3. 

20 Meanwhile, the inner surface of the sidewall of anode can 25 is fabricated 
such that the inner circumferential surfaces of upper end portion 26 and 
sidewall small thickness portion 3 are located on substantially the same 
surface. 

When a battery as shown in Fig. 4 is manufactured using the anode 
25 can as shown in Fig. 8, a thickness T5 of upper end portion 26 is larger 

than thickness T2 of sidewall small thickness portion 3 in caulked portion 7, 
as shown in Fig. 9. Accordingly, the strength of caulked portion 7 can be 
enhanced, as compared with the example using the anode can shown in 
Figs. 6 and 7. As can also be seen in Fig. 8, however, the outer 
30 circumferential surface of upper end portion 26 projects outwardly from 
anode can 25. Therefore, even after caulked portion 7 is formed, anode 
can surface 14 serving as the outermost surface of upper end portion 26 
projects by a length T6 toward the outer circumferential side of anode can 
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25 beyond anode can surface 13 serving as the outermost surface of 
side wall small thickness portion 3 of anode can 25. In other words, a 
distance from the central axis of the battery to anode can surface 14 in 
caulked portion 7 is longer by length T6 than a distance from anode can 
5 surface 13 serving as the outermost surface of sidewall small thickness 
portion 3 to the central axis of the battery. 

As described already, the battery specifications are determined, 
depending on its maximum outer diameter. As such, when the maximum 
outer diameter of the battery is determined by a position of anode can 

10 surface 14 of caulked portion 7, in order to adapt to the specifications, the 

distance between anode can surface 13 of sidewall small thickness portion 3 
serving as the sidewall of a portion accommodating battery cell 10 and the 
central axis of the battery should be made smaller by length T6. As a 
result, the battery shown in Fig. 9 has a volume of battery cell 10 smaller 

15 than in the battery using the anode can according to the present invention 
shown in Fig ? 5. 

On the other hand, in the battery using the anode can according to 
the present invention shown in Fig. 5, the distance between anode can 
surface 13 of sidewall small thickness portion 3 and the central axis of the 

20 battery can be made as large as the maximum outer diameter in accordance 
with the battery specifications, in contrast to the battery using the anode 
can in the comparative example shown in Fig. 9. Therefore, the volume of 
battery cell 10 can be increased, and consequently, the capacity of the 
battery can be made larger. 

25 Referring to Figs. 10 to 14, a method of manufacturing the anode 

can shown in Figs. 1 to 3 will now be described. 

Initially, as shown in Fig. 10, in the step of preparing a material 
member corresponding to the shape of the anode can for a battery to be 
produced, a plate material 30 used as a material for the anode can is 

30 prepared. Plate material 30 is a material member corresponding to the 
shape of the anode can for a battery to be produced, and has a circular 
shape when viewed two-dimensionally. Figs. 10 to 14 show only a portion 
on the left-hand side of central axis 17, because plate material 30 and the 
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anode can to be formed have a symmetrical shape around central axis 17. 

As shown in Fig. 11, the plate material (see Fig. 10) is placed 
between a die 32a having a cup-shaped concave portion 35 formed and a 
punch 31a. Thereafter, punch 31a is moved relative to die 32a in a 
5 direction shown with an arrow 34. In this manner, the pressing step in 

which plate material 30 (see Fig. 10) is plastically deformed so as to be in a 
shape in accordance with the shape of an inner surface of concave portion 
35 of die 32a is performed. As a result, plate material 30 (see Fig. 10) is 
plastically deformed to provide a cup-shaped material 33 (see Fig. l). 

10 Thereafter, punch 31a is moved relative to die 32a in a direction opposite to 
the direction shown with arrow 34. Then, cup-shaped material 33 is taken 
out from concave portion 35 of die 32a. In this manner, the step of forming 
a cylindrical body, in which the material member (plate material 30 (see 
Fig. 10)) is deformed such that a cylindrical body (cup-shaped material 33) 

15 having a sidewall and extending along central axis 17 is obtained, is 
performed. 

Thereafter, using another die having a different depth of concave 
portion 35 and another punch corresponding to that die, the pressing step 
similar to the step shown in Fig. 1 1 is performed for a plurality of times so 

20 as to increase the depth of cup-shaped material 33. 

Then, as shown in Fig. 12, cup-shaped material 33 is placed 
between a die 32b having concave portion 35 of a depth Dl formed and a 
punch 3 lb having such a length as to reach the bottom wall of concave 
portion 35 and such a size as to allow insertion into concave portion 35. 

25 Then, the step of press working is performed, in which punch 31b is moved 
relative to die 32b in a direction shown with arrow 34 to plastically deform 
cup-shaped material 33 so that cup-shaped material 33 is in a shape in 
accordance with the inner surface of concave portion 35. 

Here, the shape of concave portion 35 is determined such that depth 

30 Dl of concave portion 35 is substantially equal to length HI of sidewall 

small thickness portion 3 of anode can 1 (see Fig. l) to be formed. In other 
words, the step of reducing the thickness of a portion to serve as sidewall 
small thickness portion 3 is performed by subjecting the portion to serve as 
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sidewall small thickness portion 3 in the sidewall of cup-shaped material 
33 to press forming. As shown in Fig. 12, in the step of press working 
described above, the press working is performed such that the distance 
between the outer circumferential surface of large thickness portion 36 and 
5 central axis 17 is larger than the distance between the outer 

circumferential surface of sidewall small thickness portion 3 and central 
axis 17. As a result, a large thickness portion 36 having a thickness larger 
than sidewall small thickness portion 3 and having a length H2 is formed 
in the upper portion of cup-shaped material 33. Here, the total length H of 

10 length HI of sidewall small thickness portion 3 and length H2 of large 

thickness portion 36 is equal to the length (height) of the anode can for a 
battery to be produced. 

As a result, sidewall small thickness portion 3 having thickness T2 
and large thickness portion 36 having a thickness larger than that of 

15 sidewall small thickness portion 3 are formed in the sidewall of cup-shaped 
material 33. 

Here, thickness T2 of sidewall small thickness portion 3 to be 
formed is equal to thickness T2 of sidewall small thickness portion 3 (see 
Fig. 3) in the sidewall of the anode can for a battery to be produced. In 

20 this manner, it is not necessary to subject sidewall small thickness portion 
3 to press working using a die or a punch in a subsequent step. Therefore, 
a possibility that a flaw or the like is caused in sidewall small thickness 
portion 3 in the subsequent step can be reduced. 

Thereafter, punch 31b is removed from concave portion 35 by 

25 relatively moving punch 31b in a direction opposite to the direction shown 
with arrow 34. Then, cup-shaped material 33 is taken out from concave 
portion 35. In this manner, the step of modifying the thickness is 
performed, in which the sidewall of cup-shaped material 33 is subjected to 
press working, so as to form large thickness portion 36 located at the end 

30 portion of the sidewall and having a relatively large thickness and sidewall 
small thickness portion 3 being a portion other than large thickness portion 
36 and having a thickness relatively smaller than that of large thickness 
portion 36. 
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Then, as shown in Fig. 13, the step of determining the thickness of 
large thickness portion 36 is performed. Specifically, cup -shaped material 
33 is placed between a die 32c having an opening formed and a punch 31c. 
In the opening of die 32c, when press forming is performed as shown in Fig. 
13, a distance between an inner circumferential surface facing sidewall 
small thickness portion 3 of cup-shaped material 33 and central axis 17 is 
set to a distance Rl. In addition, in the opening of die 32c, when press 
forming is performed as shown in Fig. 13, a distance between an inner 
circumferential surface (a die surface 37) facing large thickness portion 36 
of cup-shaped material 33 and central axis 17 is set to a distance R2. Here, 
distance R2 is larger than distance Rl. Moreover, in the opening of die 
32c, the inner circumferential surface facing sidewall small thickness 
portion 3 and the inner circumferential surface facing large thickness 
portion 36 are both circumferential surfaces around central axis 17. 
Further, in the opening of die 32c, a surface shape of a junction between 
the inner circumferential surface facing sidewall small thickness portion 3 
and the inner circumferential surface facing large thickness portion 36 is 
tapered such that the distance from the outer circumferential surface of the 
junction between sidewall small thickness portion 3 and large thickness 
portion 36 to central axis 17 is smoothly varied. 

Then, punch 31c is moved relative to die 32c in a direction shown 
with arrow 34. In this manner, large thickness portion 36 is plastically 
deformed by being pressed between the inner circumferential surface of the 
opening of die 32c and a surface 39 of punch 31c. A thickness T8 of large 
thickness portion 36 can thus be determined to any thickness. Specifically, 
thickness T8 of large thickness portion 36 may be determined to attain a 
thickness of upper end portion 2 (see Fig. 2) serving as the large thickness 
portion of the anode can for a battery to be produced. 

Thereafter, punch 31c is moved relative to die 32c in a direction 
opposite to the direction shown with arrow 34, so as to remove punch 31c 
from the opening of die 32c. Then, cup-shaped material 33 is removed 
from the opening of die 32c. In this manner, the step of determining the 
thickness of large thickness portion 36 in the sidewall of cup -shaped 
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material 33 is performed. 

Then, the step of forming upper end portion 2 by projecting the 
large thickness portion toward the inside of the anode can is performed. 
Specifically, as shown in Fig. 14, cup -shaped material 33 is placed between 
5 a punch 3 Id and a die 32d having a cylindrical opening formed. Here, the 
opening has a radius equal to distance Rl from central axis 17. Then, 
punch 3 Id is moved relative to die 32d in a direction shown with arrow 34. 
In this manner, upper end portion 2 of cup-shaped material 33 is plastically 
deformed such that an outer circumferential surface of upper end portion 2 

10 of cup-shaped material 33 and the outer circumferential surface of sidewall 
small thickness portion 3 are located on substantially the same surface, 
and the inner circumferential surface of upper end portion 2 projects 
toward the inside of cup-shaped material 33. 

In this manner, the step of working is performed, in which the 

15 sidewall of cup-shaped material 33 is subjected to press working such that 
distance Rl between the outer circumferential surface of upper end portion 
2 and central axis 17 is equal to the distance between the outer 
circumferential surface of sidewall small thickness portion 3 and central 
axis 17, whereas distance R3 between the inner circumferential surface of 

20 upper end portion 2 and central axis 17 is smaller than the distance 
between the inner circumferential surface of sidewall small thickness 
portion 3 and central axis 17. In the step of working shown in Fig. 14, 
upper end portion 2 is subjected to press working such that distance Rl 
between the outer circumferential surface of upper end portion 2 serving as 

25 the large thickness portion of the sidewall of cup-shaped material 33 and 
central axis 17 and distance R3 between the inner circumferential surface 
of upper end portion 2 serving as the large thickness portion and central 
axis 17 are both made smaller. 

Here, an outer diameter of punch 3 Id is determined such that 

30 thickness Tl of upper end portion 2 attains thickness Tl of upper end 

portion 2 of the anode can shown in Fig. 1. In addition, as can be seen in 
Fig. 14, a gap 38 is formed between the inner circumferential surface of 
sidewall small thickness portion 3 and the outer circumferential surface of 
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punch 3 Id. Here, the outer circumferential surface of a portion facing 
sidewaU small thickness portion 3 on the tip end side of punch 3 Id may be 
displaced toward central axis 17 from the outer circumferential surface of a 
portion of punch 3 Id facing upper end portion 2 (so as to decrease the outer 
5 diameter (or width)). In this manner, when punch 3 Id is moved relative to 
die 32d in a direction opposite to the direction shown with arrow 34, punch 
3 Id is readily removed from the opening of die 32d. 

In this manner, with cup-shaped material 33 to serve as the anode 
can for a battery, sidewall small thickness portion 3 having height Hi 

10 above the outer circumferential surface of the bottom wall and upper end 
portion 2 positioned above sidewall small thickness portion 3 and having a 
relatively large thickness Tl and length H2 can be formed. 

Thereafter, an unnecessary portion located above upper end portion 
2 of cup-shaped material 33 is cut and removed (a portion located higher 

15 than height H above the bottom wall outer circumferential surface of 

material 33 is removed by cutting the sidewall of cup-shaped material 33 at 
height H above the bottom wall outer circumferential surface of cup -shaped 
material 33, the height H being a height of anode can 1 to be produced). 
Anode can 1 as shown in Fig. 1 can thus be obtained. In other words, the 

20 obtained anode can has height H shown in Fig. 14. 

As can be seen from Figs. 12 to 14, the distance from the inner 
circumferential surface of the opening (concave portion 35) formed in die 
32b shown in Fig. 12 to central axis 17, the distance from the inner 
circumferential surface of the portion facing sidewall small thickness 

25 portion 3 of material 33 in the wall surface of the opening formed in die 32c 
shown in Fig. 13 to central axis 17, and the distance from the inner 
circumferential surface of the opening formed in die 32d shown in Fig. 14 to 
central axis 17 are equal to distance Rl (the distance between the outer 
circumferential surface of the anode can to be produced and central axis 17) 

30 respectively. 

Though the above-described embodiment has illustrated the present 
invention using the anode can for a battery, the present invention is 
applicable to a cathode can for a battery. In other words, the cathode can 
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for a battery can have a structure as shown in Figs. 1 to 3. The present 
invention is applicable to a can member for a battery including the anode 
can and the cathode can for a battery. 

Although the present invention has been described and illustrated 
5 in detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the terms of the 
appended claims. 
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